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su” Air 



This investigation was conducted to obtain Lr.forna- 
tion on the mixing and nixing rates of the secondary air with 
the gaeoa of combustion in a ,iet en u ino burner. For this pur- 
pose a J33-A-17 Turbo Jot I’nf 4 ne, can typo, burner was util- 
ised. 



It was found, for the range of fuel-air ratios in- 
vestigated, .009 and .012, that nixing was accomplished in a 
fairly uniform ana definite manner. Increasin , fuel-air ratio 
increased the temperatures near the center where tn* hot core 
of the gases maintained itself. As the amount of secondary air 
into the flame tube increased, at a constant fuel-air ratio, 
the higher temperature gas03 near the center would bo cooled 
and the gases previously cooled near the boundaries of the 
flame tube remained practically constant in temperature, i hus 
a very high tomperaturo gradient that oxieted n« or the fuel 
nozzle woulo be gradually decreased, however, near the end 
of the burner, where secondary air ceased to be admitted, a 
temperature gradient still remained indicating that improve- 
ment can bo ado to produce uniform tempera 4 uro distribution. 

Low temperatures adjacent to the flame tube were ob- 
served in nil cases a* u were within the structural tor.peraturo 
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limitations • Tho secondary air between the fla- e tubo and 
outer liner was pract'cally constant at 165-195° F. 



IK?RQj)!JCTIOV 

The heart of the aircraft Jot engine is considered by 
cany to be the burner, for it is hero t!.at the heat is addod 
producing high tornal energy fron which the engine is able to 
produce thrust. 

The design of such, an aircraft Jet engine burner 
cust tako into account the following requirements! 

(1) Low weight 

(2) Compactness 

(3) Low pressure lose 

(4) Uniform temperature distribution at outlet 

(5) A definite maximum temperature at outlet 
tliftt is not to be exceeded 

(G) Ability to withstand high temperatures 
structurally 

(7) High combustion efficiency 

( 8 ) Hi *h rate of host release 

The first desifno were arrived at by trial and error 
nethocs as only sketchy lrfon at ion was available. As burners 
wore produced that could r.eet tho abovo roquire onto, at least 
partially, certain concepts of deal ,71 bee-ana accepted, bow- 
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ever theeo concepts arc ccntirually being tested with v.-rying 
confi,.urati ore and at ill, to a groat oxter. t, wit? cut and try 
rjethoos . 



Requirements (4) anc (5) are imposed by tho natorial 
limitations of the turbine. Those requirements, (4) a .d (5), 
are noot in the burner by dividing the airflow into roughly 
two parts, primary air and secondary air. i rimary air, with 
the fuel, supports combustion and enters at the forward end 
of the burner. Secondary air enters tho flor.o tube (inner 
linor of the burner), through various neans, dowrstrean of 
the primary air and serves to oool or quench the hot gases 
of combustion, thereby lowering tho outlet temperature to tho 
desired maximum or below. There is no sharp line o' demarca- 
tion between primary and secondary air. This cool'n u by tho 
secondary air ahould be dono ir. such a manner that uniform 
tenporaturo is oblair.od at burner outlet. Tho secon'ary air 
also aids in mooting requirement (u) by providin, a cooling 
layer of air between f lacx tube and outer liner of the burner. 

Ref. 1 definoa conbuatior. efficiency as tho ratio of 
aotval enthalpy increase of fuel plus workin , fluid to tho 
ideal enthalpy increase i r combustion were complete. ^Vesont 
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and extremely high heat release rates over most of the opera- 
ting ranee of the aircraft. Thus it might soon that there 
vould be more productive fields of effort in which research 
ar.d development could be channeled in nan’s attempts to im- 
prove the present day jet engine, liowover on a closer look at 
th© complexities of the burner and its operation it bee ones 
apparent that there is need for ouch inproveaent. For instance 
high combustion efficiency is United to a restricted range of 
fuel-air ratios and as combustion efficiency drops, unstable 
burner operation and incomplete combustion results with the 
attendant loss in thrust and finally complete stoppage of the 
engine. Thus it becomes obvious that there is a great need 
for extending the ran^e of burner operation with good com- 
bustion efficiency. The fact that jet engine burners have 
high combustion efficiencies over the operating range of the 
aircraft becomes merely a statement of the do pendancy of tho 
aircraft performance on combustion efficiency. 

Poor combustion efficiency may be due to, according 

to lief. 2: 

(1) i-xcessivo supply of primary air causing 
chilling of the combustion process, or to 
pro ature adnisoion of tho secondary air 
also causing chilling. 
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(2) Too lor^ ft flame path in relation to burner 
(linens ions so that quenching of extreme 
portions of f lane occurs, result ' ng in un- 
burnt fuel. 

From the above it can be seen that the secondary air 
of the burner becomes very important and the Manner ir which 
it is introduced into the flat:® tube has a narked effect upon 
conbustio*. efficiency. Thus the distribution and nixlr rate 
of the secondary air with the Lot t ,ases of combustion assu'-.oo 
a critical place in the overall picture of the aircraft Jet 
engine . 



It was the purpose of this investigation to survey 
the temperature of the secondary air mixing zone and with the 
results so obtained to attempt to provide an insight into tl*o 
mixing rates and pattern of nixing within the burner. To 
carry out this purpose a typical "can" typo burner tliat has 
been used successfully in on aircraft turbo-jet e» ginc was 
selected. This burner was rt of the J33-A-17 turbo-jot 
onglne. 
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TE3T r.QUIR 17.17 

A schematic drawl ng of the test equipment ie pre- 
sented in Fig. 1. Fig. 2 shows the control panel fror. which 
tho test equipment in the teat cell was operated. dng'ne in- 
struments and controls were located at tho control panel. 

A six cylinder Lycor.*. ng engine, odel 9-435-? rated 
at 162 hp. at 2000 IlK* was directly coupled to a oentrifugal 
compressor with a 7.48 : 1 gear ratio. This compressor was 
renov«t3 from an Allison V-1710 Aireraft Engine. Tho 3 retalia- 
tion i s pictured in Fig. 3. 

Tho air to tho compressor entered an eight In. duct, 
in tho tost coll, in which there was pieced a 5.6 in. square 
edged orifice with radius taps. Pressure linos fron the 
radius taps wore lead to the control pa.nol and there oonnocted 
to a water filled manometer so that differential pressure, 

Ap*# across the orifice could be read diroctly at this location. 

Conpr eased air from tho compressor then entered a 
large duct, as shown in Fir. 3, and was lead to the J33-A-17 
turbo Jet engine burner, a "can” tyj>e, where it was oixod with 
fuel and the resulting mixture burned. Ihe hot gases and ex- 
cess air were then blown through ar. exhaust system to the out- 
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side atmosphere 



Tha fuel used in the burner was diesel oil ar.d waa 
load froa a tank outside tr.e test cell to a fuel rotenioter 
that ‘r.dlcatod fuel flow in pounds per hour. Vror the rota- 
meter the fuel went to a fuel pump with a by paas arrangement 
to allow control over the fuel flow rate. The pu-’p sent the 
fuel dirootly to the spray type fuel nozzle in the burner. 

Ignition was accomplished by means of a e/ari plug 
first igniting a stream of acetylene and t^en, after starting 
tho fuel pump, the burning acetylene ignited the fuol. ‘he 
acetylene was supplied from a standard tank, lead throu ;h a 
relay control for positive operation, and then to the sleeve 
of the spark plug ar;a out into the burner. 

A sketch of the J5G-A-17 Turbo Jet ir.e burner is 
shown in fig. 4 givin t , th<" dimensions, sir.e ana location of 
the secondary air passages, ard position of fuel nozzle a^d 
spark plug. The fla^o tube has seven rows of holes of wh ch 
three of th» rows are s’ own it Pi . 4. The rows are equally 
spaced around t) o tube. T ere art also seven rows of air 
slits of which three rows aro shown in fig. 4. Tip. 5 is a 
pioturo of the flame tube removed from t' o outer shell. 

There ere two lar^e holes of 1.2 it. dia oter of wh'ch cno is 
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shown in Pic* 4, These ero for storting purposes when instal- 
led in the complete entire and waro blocked off for this test 
to provent tho entry of secondary air by this cear.s. 

To carry out the purpose of this investigation four 
stations wore first selected nlon£ the burner as shewn in F*ig. 
4. The , to permit the temperature probinf, of the secondary 
air raxing zone, ll/32 in. holes were drilled around t'. a peri- 
phery of the outer liner, one hole ir. line with each of tho 
secondary air holes in tho flar.o tubo at tho stations selected, 
liotal plates, 3 3/0 by 1 3/S in., and l/4 in. th ! ci* v/cro cut 
from G in. pipe to £ive then sew ourva-ure. ll/o2 in. holes 
wore thor. (.rilled in tho metal plates to corrra ’end to tho 
holos previously cut ir> tho outer lir.or. The i oiee in the 
platoc were then tapped and tho plates riveted in placo to tho 
o tor liner. Ono eighth pipe plu£S wore then screwed in tho 
holos so prepared so as to seal thor when not in uso. in this 
manner accoss for the thermooou;. los was provided to the flare 
tube at the four stations and at all sever socundor;, air holes 
at onch station, except at station 1 and 4, w’ ore previous 
work on the burner prevented tho cutt*r. u of a hole or. the outer 
liner in l 1 e with the seventh secondary air hole of tho flame 
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3/lC in. holes wore then drilled through soven of 
tho one eighth pipe plu£8. These pipe pine* were then used 
viYon temperature measurements wero to bo made at a station, the 
thermocouple beinp; inserted in the z/lG in. holes and on into 
the flane tube, trail set sorws were provided on the sides 
of the pipe plumps to hold the thcrmoccu los in place. 

The thermocouples wore of the ir or -const a tan type. 
They were load free, the burner to a junction bo;, within tho 
tost coll and the:: to a selector switch on the control panel. 
Tho selector switch was connected to a drown '« jxjratur 
heoorder of the potentiometer type which read in decrees 
Fahrenheit from 0 to 1000. Cerai io * (isolators coverir. , six 
lr.cl.oa therr.ocou le wiring were placed around each thermo- 
couple next to the bead. 

Total pressure, p 0 , and static pressure, p, were 
measured at a station 12 in. ahead of tho burner. j“ressuro 
lines ivore lead from a total head tube «>c a static orifice to 
two mercury fill d mano-.oterr «t the ce.trol panel. tler*o- 
couple was also inserted in the atr< a - at t his point ar cun- 
. eotod to the thermocouple control switch at *h© control par. 1. 

A tr.er. ocouple was also provided at th ©mtj'anco to 
the inlet air duct t; the compressor a ;d connect 'd to t v e con- 
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TJCT WX Dtl’L 

It was first dooided to measure the tocperaturo at 
each station and each secondary air hole fron tho contor of 
the flare tube out in steps of l/2 in# Tho.n, for tho purpose 
of identification, each row was assigned a letter. Thus each 
secondary air hole could bo designated by a cot uination of 
station number am. letter indicating the row. lor example 1A 
oesijnateo the socor.dary air bole ir. th« A row at tho first 
station. Each position of the beat* of the thermocouple, as it 
moved in l/s in. ircro: er.ts fro? the center, was also assigned 
a rubber to follow the row designation. Tie center was indica- 
ted by 0, r hc posit i 0:1 l/2 in. army from tho cor.ter by 1 0 
so on. Thus 3b4 indicated a position two inches fron tho cen- 
ter of the flame tube at station 3 and row C. 

To obtain the teeporature readings the thermocouples 
wore placed in position at station 4 and tlj-oo 1:.. f ro?> the 
ccntor, that is, at 4AC, 4D6, etc., ono thermocouple at raoh 
seooncary air hole at Mat station. Tho en dr.e was 'then 
started and warr«»d up and 4 ho ' ;el to tho burner ignited. The 
ercino RPJ< wa3 set to obtain the dosireo air flow through the 
burner an*, tho burner fuel pressure regulated to iv<* d -sired 
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fuel flow. The temperatures were then read and rocorded by 
two non at the control panel who were also maintaining desired 
air and fuel flow. Two -en in the test cell thon repositioned 
the thermocouples by har.d to positions 4A5, 4155, 4C5, etc., 
and again the temperatures were read and recorded. The thermo- 
couples wore positioned by means of wooden guides previously 
market] to indicate correct distances, fron the top of the pipe 
plugs to the end of the ceramic insulators, corresponding to 
the desired position of the thermocouple boad within tho fla^e 
tube. This was repeated until all of the station 4 readings 
had been obtained. Tho engino wan then stopped art! the ther- 
mocouples shifted to station 3 where the rocodure was repeated. 
In this manner the temperatures were measured at all for sta- 
tions. Two such runs wore made, F.un 1 at a fuel-air ratio of 
.012 and dun 2 at a fuol-air ratio of ,X)0. 

Fig. 6 shows the thermocouples positioned at 2A4, 204, 
2C4, etc. as described above. 








I4J W m » u 







• v»r 










««*v. 



•4 .Ml « 4in *i| 

-i.*« il «I4 •» «a»?l I +uml *** 






«i ■> iu »U* 



M0 






i ,»*<*/ W 



•m»* ~r U.4 9« 



% • •• 4 * * "■*« 



at. 




- IS - 



AW) DISCISSION 



The temperatures obtained in the survey, and the test 
coll operating conditions, are presented in Tables I and II for 
Runs 1 and 2 respectively. The tost cell conditions simulated 
the following J33-A-17 turbo jet engine operating conditions* 



Run 1 



Fuel-air ratio 
Altitudo 
Engine speed 
Air flow 



.012 

3900 feet 
5400 KPM 
0000 lb/li r 



Run 2 

Fuel-air ratio 
Altitudo 
Engine speed 
Air flew 



.009 

4000 foot 
5350 K3i4 
7950 lb/hr 



Porhaps what is r.oro important is that the test cell 
conditions also approximate the critical engine condition of 
blowout at high altitude. Thus if the ©rgine were operating 
at, say 30,000 foot an<. 12,000 actual JtPX the sa~e conditions 
that existed in the tost coll would bo approached by the engine. 
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According to Ref. 0, at an altitude of 30,000 feet and 12,000 
actual RFSi a fuel-air ratio of .021 would be necessary. As 
can be seen above, the actual fuel-air ratios employed ir the 
teste were much less. It is thought tl\at lean fuel-air ratios, 
as used in the tost, are a primary cause of blowout. Thus one 
can say that burner conditions were Bueh that blowout night 
have been approached, however, no such conditions wore 
noticed. That is stable operations were perceiv d throughout 
and the results gave no indications of an impending blowout. 

The results in Tables I and II ero shown plotted in 
Figs. 7 through 1G. In Figs. 7 through ID and 12 through lb 
the burner is drawn full scale and in the position with respect 
to the X’orticnl that it occupied during the tosts. Che outer 
liner is represented by the full circle a ;d the flatae tube by 
the dashed circle showing location of the secondary air holes. 

Froa a study of the temporaturc patterns. Figs* 7 
through 10 and 12 through lb, obtained at the various stations, 
as locatod in Fig. 4, it becomes apparent that the hot core of 
the combustion gases travels down the burner very near to the 
center. At each sucoeod’n 0 station the hot gases of ‘he cen- 
ter are cooled as the secondary a*r tabes effect, thus produc- 
ing a sort of truncated a>ne effoct. The higher temporatu rec 
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found roar the center in Run 1, with a fuel-air ratio of .012, 
over t .030 of Run 2, with a fuoi-air ratio of .009, for cor- 
responding stations, indicates tho effoct of increasing fuol- 
air rotio. 



liiji tonperaturo <;radi«Ytc ore encountered, in both 
Runs, ot station 1, Fie*. 7 and 12. As the cases proceed tawr.- 
streae the contour lines bcoono spaced farther apart and also 
bccone less unif or r. thus ’ r.di eating that the secondary air ..ix- 
in u is causing the temperature differences within the fls-.o 
tube to bo reduced. T.io r.onuni f or- ity of the contour lines 
indicates the turbulence of the process. There appoars to be, 
however, a certain pattern ever with respect to tho tnrbular.ee 
as indicated by tho contour lines, as the sa .e general indica- 
tions wore obtained in both runs. The jattorns, alt> ot h be- 
coinj less circular and roughly core elliptical in shape, show 
a uni Torn ity with respect to tonporature decrease that indicates 
stable operation and fairly cood nixin • tty the tics# station 
4 lias boon reached the to peratur a wlth’n the i-irodiato area 
of tho center iuivo b*conc equalised to a certa'n extent an a 
steadily increasing temperature u racient to t 1 e center, so 
r.oticoablo at the other stations, has be^ur. to bo LroVer. up. 

The appearance of comparatively *ch tewperaturo j-en’-s at 
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placoa other tlian the center gives ovidence of this. 

To show in a different manner the effoct of mixing 
and nixing rates, tho temperature profiles at the various sta- 
tions havo been drawn as shown in Fit’S. 11 and 16 for Iluno 1 
and 2 respectively. Tho temperatures for these figures wore 
arr ived at by dividing the burner, as shown in the temperature 
pattern figures, into two parts by drawing a horizontal line 
through the cantor. At each radius from the conter tho top 
ttroo readings were averaged for tho top poi .t a k tho bottom 
four points averaged for tho bottom point. These profiles 
show that as tho secondary air nixes the peak of the curves 
aro rcducod ar.d at the same tir.e the curves ther.selvoo are 
flattened out. That is the slopes at about 0.5 ir. to 2.0 in. 
radius more nearly approach the vertical. This is desiroable 
as a uniform tempera* ure, i.o., a vortical profile, is tho 
ideal with perhaps tho variation of a low temperature existing 
at tho turb'r.o blade root. Of course this condlt 1 on should 
not bo atta’ned at tho expense of too low a temperature. 

■•otice that tho slopo of tho profiles of FI s. 11 and 16 be- 
tween a radius of two a. d three in. are practically constant 
from station 2 o: to 4. Tho sa o phenomenon • ay bo nbcorvod 
In ri t ,s. 7 thruj.h 10 am 12 throu ,h 15. This sects to intri- 
cate that o secondary air does lot cool ‘ho to*- gcratnro of 
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the nixturo within tho burner# arourd tho outor radii of the 
flano tube beyond a certain point. As more secondary air 
enters it apparently penetrates farther and farther *nto tho 
flare tube therefore having a much greater effect upon tho 
hotter gases. In other v/ords, as the amount of sec >ndary air 
into tho flano tube increases the , iises aeom to bo cooled, in 
concentric layers, to certain temperatures and then remain 
fairly constant. This is good from a structural standpoint as 
low temperatures are maintained at tho outor boundaries, Ian- 
evor with regard to tho requirement that uniform tonjoraturcs 
exist across the outlet it is not so good ac it is apparent 
that low torporatures will prevail around the cdpos wi fch high 
tenporaturea generally in the center. Thus, in this burner, 
some additional arrangement must bo provided to give a closer 
approach to uniform distribution at the outlet. From Fig. 4 
it can be seen that the burner eonvo gos for twelvo in. aft 
of station 4 ard whether this results in better to- .erature 
out lot condi tior.s or not is not known but would b© a subject 
for additional investigation. 

Ore solution for obtain* u* uniform tem; erature dis- 
tribution at the outlet in this typ* of burner would bo to In- 
troduce, by some means, a portion of the secondary air into 



the floce tub at the oentor of tho flano tube and downetroan of 
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the combustion process. 7*hia would mean that struts or piping 
would have to be placed within tho flare tube which would result 
in a higher pressure loss through the burner. Whether the 
tonporature achieved would warrant the increased pressure loss 
is unknown and would be another subject for investigation. 

The placing of baffles within the flano tube in such a manner 
that the low temperature mixture near tho outer radii is mixed 
with the high tonperaturo mixture in tho center region ni£ht 
also provide better temperature distribution at the outlet. 
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CONCLUSIONS 

From the teapcratur s obtained frca within the J33- 
A-17 Turbo Jot Jngine can typo burner during operation, at 
fuol-air ratios of .009 ur.d .012, the following conclusions 
can be drawn: 

(1) The hot core of the cocbuation gases travels 
approximately down the center of the flame 
tube. 

(2) Increasing tho fuel-air ratio socr.s to increase, 
in the secondary air nixing zono, only the tem- 
peratures near the oentor of the flame tube. 

Tliat is, enough secondary air is being admitted 
to the flanc tubo to cool the hot gases to 
practioally constant temperatures near the outer 
boundaries of the flame tubo. 

(S) The secondary air between tho flame tubo and 

outer liner remains at a comparatively constant 
temperature. 

(4) The temperatures on both sides of the flame tubo 



are low enough so that tho structural tempera- 
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ture lir.it is not excoodod. 

(6) This typo of burner and secondary air arrangement 
£ ivos otablo operation at the engine operating 
conditions (even, it is bolioved, approaching 
blowout) under which tho test was oor.duoted and 
produces a fairly uniform mixin t , of air and 
combustion gases. 

(C) The mixing of secondary air and cases is such 
that uniform temperature distribution is being 
approached when the secondary air has ceased to 
bo admitted. However, tho low temperatures noar 
the outer radii are boing maintained and it is 
tho high temperatures near the center that are 
being reduced. Thus a temperature ^rad'ent still 
rerains at this point. 

(7) To produce a uniform temperature distribution at 
the point where secondary air ceases to be ad- 
mitted, or slightly downstream, some additional 
arrangement would bo necessary to raise tho outer 
temperatures . 
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Figure 7 

r 




Tenneraturo pattern at station 1. Operating conditions: 
Fuel-air ratio, .012; altitude, 3900 feet; engine speed, 
5400 RPI.!. Ml tenporatures in °F. 

(High altitude blowout condition being approached) 
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Figure 8 




Temperature pattern at station 2. Operating conditions: 
Fuel-air ratio, .012; altitude, 3900 feet; engine speed, 
5400 RPF. All temperatures in °F. 



(High altitude blowout condition bein 0 approached) 
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Ki^uro 9 



F 




Tomporaturo pattern at station 3. Operating conditions; 
f’uol-air ratio, .012; altitude, 3900 foot; en^ino spood, 
5400 U?I.u All tonporatures in °F. 



(Ki^h altitude blowout condition bein^ approached) 
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Figure 10 




Tonporaturo pattern at station 4. Operating conditions: 
Fuel-air ratio, .012; altitude, 3900 feet; ongine speed, 
5400 RPU. All tonperaturos in °F . 

(High altitude blowout condition being approached) 
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Figure 12 




Temperature pattorn at station 1. Operating conditions: 
Fuel-uir ratio, .009; altitude, 4000 foot; engine speed, 
5350 HP11, All temperatures in °F. 

(High altitude blowout condition being approached) 
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Figure 13 
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Tenporaturo pattern at station 2. Operating conditions: 
Fuel-air ratio, .009; altitude, 4000 feet; engino spoed, 
5350 fiPI'. All tomperaturos in °F. 



(High altitude blowout condition being approached) 
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Figure 14 
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Temperature pattern at station 3 . Operating conditions: 
Fuel-air ratio, .009; altitudo^ 4000 foot; engine spoed, 
5350 RPM. All temperatures in p. 

(High altitude blowout condition being approached) 
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Figure 15 
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Tomperaturo pattorn at station 4. Oporating conditions: 
Fuel air ratio, .009; altitude, 4000 feet; engine 3poed, 
5350 RH... All temperatures in °F. 

(High altitude blowout condition be^ng approached) 
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SAXPU, CALCVIATIOKS 



whoro i 



u'o have, !*or a equaro od^ed orifice a 



w * 



.GC8 A 2 K 




fr on ::cf. 4 



tr 3 air flow, lb/soc 

Ao ■ throat area of orifice plato, sq. in. 

K « flow coefficient ^coefficient at diechsrc© 
with approach factor ir eluded) 

C ■ specific x/eipht, lb/cu.ft. 

A* a di Pfcrc! tial pressure across orifice, Ib/sq.in. 



For the orifice used ir. this test: 
K ■ .7 def. 4 

A 2 * SO. 5 sq. in. 



And the above fornula reduces to 



w - 2.52 'l j^al 



where: 



fb “ barorotor read!r.£, in. hr,. 

Ahw ■ differential pressure aoroes orifice, in. 1:20 
To ■ inlet temperature to or’fico 
w ■ airflow lb/sec 
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From Table I 

i’b = 23.20 in. Ii; . 

Altw a 14 . r. i n . J.20 
To * 35° 2' • 555° Febs 



iubatitutin;* 

- ■ *•« 

w s 2.225 Ib/soc 
or 

v; = 8000 lb/hr 



From Table I 

Fuel flow, = 97 lb/hr 

then 



07 

Fuel-uir ratio = 'oiSOO * .012 
from Ref. 5 at an ai r-f lo» of 8000 lb/hr 



undine speed * 6400 RPM 
Total burner Inlet pressure 

at standard ooa level conditions s 44 in. obs. 



Therof oro : 

Conpreasi on ratio 



44.0 

29.02 



1.47 



i-'rom Table I 



Actual total burner inlet pressure, 
i o * 38.20 in. H . obs . 
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Then 



33.20 

Simulated at 1 osnhoric pros euro ® 1,47 * 



2G.0 in. Jig, 

/»rd fron :.of . 0 at a standard atmosphere pressure of 2G.0 in.Kg. 
Altitude « 3000 foot 
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